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Embryogenic callus and cell suspension of Inbntd corn. 

@ Embryogenic callus of corn inbred B73, embrYQ<ger»iccell 
suspensions of ccrn inbred 873, clones of the emtvyogenic 
callus and cell suspensions of corn inbred 873. curn p'ants 
and the seed thereof regenerated from the einbryogenic 
callus, embryogenic cell suspensions and cton^ of the 
embryogenic callus and embryogenic celt suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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£.M5R:iTX]ENIC CaXUS AND Crrj «;nq3rv.c-r^. 

^^'^ S1jS?IN'Sx(» op iTfflprn OTHM 



Field of the Tnvpn^,V^ 

The invention relates to enbryogenic callus of ^ • . - 
a nujor ca:^rcial inbred corn .^iety^Z , ' 
^aii . . variety. The invention also relates 

« susp.n3.cr. derive, f,™ e*.^enic c^x,, of con, inb.^ s ^ 

cell suspensions mav be chamc-^^^.^ . -c ^® 

i-c cnaracerized as unifo*^ niiv«.ii,-a» 

n. usay, the invention caserns mta.nt i«3/or r-cMbin^-t n-rv- 
^br-^enlc c^Ius or er6n^„ic cell s.s=e-slon S "^^""^ °' 

been depcs.te. Ln e.e ...eric.-, cit.-e Cllect J.!!.' 
'S sionnu*er 40116 on jpru M, 1954. 



Relevant Art 

zee nsv3 L. or com « a n-^^c^ „rti„,,, ^^^^ 
continents United Stete3 ^lc«, ^ est^V^t^^ ..n 
putted yearly. A 3u„ev of e-.o U s Z J ''''' °' 

.373 ecco^tin, for ,.3 ^ill.. J„ 3 oT^r.^" in 

P=-d3 of oom hi*rid 3ee=. T.i3 ^^t reflects e^l . 

corn .ed retired for .SO .J^^, ^^s" f" 

- t.e united Stete3. B,3 ^ to prod.: .re d "^sej 
any other cor„ inbred line in t.V .979 3urvev ,3 ' 

25 line used in hvbrid com seed ~^„c.,„ ZZ' ■ 

. a com seed ^.-oduction, B/3 is a ccranercied 1 y ii^r-in, 
com inbred. Successful eftcru, to i^e B73 are li.eV to'L 
^=t on the ca^rcial cor. seed b^iness. ' ™ ' 

Oirrent ...t:-,od3 for -.prcvin, inbred con, lines an- tine c n 
srainc. later intensive, a,Td -'.w ■^..^ ■ 

...Ky. Ihus, nechccs e,at reduce any of 
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i these problerrs would represent an advance in the cereal breeding arts 

Oie iDethod for inducing chai/ces in an inbred com seed line is accent- 
plished by exposing inbred seed corn to a mutagen, which may be ionizing 
radiation or a nutagenic chemical, growing the seed out^ and screening the 
5 com plants for a desired characteristic such as decreased height or path- 
- ogen resistance. Seed from plants displaying the desired characteristics 
are then replanted, rescreened and the seed fran plants passing the screen 
are retained. After several years and inany grow-outs of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 
10 is accjmulated for ccnrTtercial breeding. 

Several problen^s attend the method of obtaining a rrcdified inbred 
com seed line as described above. Inbred com lines are highly horozy- 
cous, or pure-bred. Such inbred lines frequently display low vigor, and 
as a result frequently prcduce few seed. If seed production is too low, 
15 successful large-scale production of seed derived fran a single plant of a 
modified inbred line may not be possible at all. Even if the modified 
inbred is vigorous and produces adequate numbers of fertile seed, several 
years and many acres of land are required to produce e^:euch seeds' to make ' 
ccrroercial breeding possible. 

'^0 Other approaches co the procegation of desirable rcdified inhrecs 

have also been suggested and rely upon plant tissue culture techniojes. 
In some of these approaches, cell cul^tures are subjected to mutagenic 
ionizing radiation. The desirable characteristic is selected or screened 
in cell culrure. Cells having Lhe desirable characteristic are propagated 

25 in culture and ultimately regenerated to form seed-bearirg plants (see 
e.g., Bottino P. J., "The Potential of Genetic ^Manipulation of Plant Cell 
Cultures for Plant Breeding," Radiation Botanv , 15:1-16 (1975).* 

Ihe feasibility of using selection techniques on callus cultures 
of certain ncn-ccmrercial com inbrecs and Lhe receneraticn of plants pro- 
30 ducing seed that carry the characterstic selected in tissue culture has 
been demonstrated by Hibbert et al. (see, "Selection and Qiaracterization 
of a Feedback - Insensitive Tissue Culture of Maize," Planta, 148:183-187 
(1980).) 
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Prior to the develom^jnt of the embryocenic callus line of com 
inbred B73 of the instant inver.tian, no friable eroryoqenic callus culture 
or ernbryogenic cell suspension culture of a carmercially significant 
inbred com line has been described. WiLh respect to enbryogenic callus 
5 lines of noncommercial com inbreds, C.E. Green has described a friable 
callus of com inbred AlSS capable of regenerating plants by sanatic 
enbryogenesis (see. Green, C.E*, -Somatic Snbryogenesis and Plant Pegener- 
ation Prom the Firable Calus oif 2ea mays L." in Proc. 5th Int'l. Cong. 
Plant Tissues and Cells, Akio Fujivera ed., Japanese Association of Plant 

10 Tissue Culture, pub. Ttokyo, Japan, 19S2). E^ribyrogenic,^ friable A183 
callus according to Green can be derived from spontaneous sectors of 
organcgenic callus. Organogenic callus according to Green can be obtained 
as follov.'s. Lnmature z^-gotic erbr\cs from the seed of sibling pollinated 
A183 are rerroved fron the seeu and placed in a Murashige and Skocc (MS, 

15 see Murashige and okocc, Phy-siolcQia Plantarium , 15:426 (1962)) medium, 
with 0.5 mg/1 2,4-D, 1 mM L-asparagine, and 0.7% bactoagar. The i-rmature 
zygotic embryos are incubated at 28'C with 16 hours light per day. (See 
Springer, W.D. et al., 1979, -A Kistolcgical Examination of Tissue Culture 
Initiation Frar. Lnmature &?br\>cs of Haize", Pro tool asma , 101, 269-281.) 

20 The scutellun of the priniary ::\^otic e?br/:> proliferates rapidly and forrs 
an organogenic callus cjlture* The epithelium of the scutellm becomes- 
highly meristematic. Apical n>eriscems loivx at the surface of the cult^-ire 
which is characterized by an extended cambial zone. Because no root cri- 
mordia are associated with the sheet prinxDrdia, the callus is considered 

25 organogenic. 

Green's embryogenic callus arises spontaneously as sectors grow- 
ing from the established orgonccenic callus or can be induced fran primary 
cultures with proline. Proline, however, does not appear to induce 
embrycgenic callus in B73. Green's erbryogenic callus appears undifferen- 

30 tiated, highly friable, has little organization on visual inspection and ' 
is fast growing, requiring sub-culturing at least every two weeks. The 
enbryogenic callus culture d^jscribed by Green develops to the coleoptilar 
stage cn MS or N6 medium with 2% sucrose and 0.5 to 1.0 mg/1 2,4-D. 
Normal developnent to Lhe iruture embrvo stage is possible if the embryos 

35 are transferred to N6 mediLn with 6% sucrose and no 2,4-D, The mature 
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enbrNos can then be induced to geminate on MS or N6 medium containing 2% 
sucrose without hcrnx^nes. 

Green also describes suspension cultures of the enbryogenic line 
of A1S8 and discloses that such suspension cultures can be maintained in 
5 MS medium containing 1 n^/l 2,4-D with 2% sucrose. When alicuots of the 
suspension cultures are plated onto solidified MS medium containing 2% 
sucrose, a callus forms from the plated suspension and embryos form on the 
callus surface. These enbryos are transferred to MS or N6 medium with 6% 
sucrose for further develonnent. After 2 weeks on medium with 6% sucrose 
10 these are transferred to low sucrose, hormone-free medium foirnerfcrio gen- 
eration. A1S3 plants may be routinely regenerated from these embryos. 

- A non-recene rating cell line of com inbred B73 is known (see 
Potrykus et al, ThecreLical Apclied Genetics , 54:209, 1979). This cell 
line in suspension culture was established from a primary culture of 

15 protoplasts fron plant tissues of the 373 inbred. The cells are charac- 
terized as growi.^ well Ln suspension -culture and easily maintainable on 
agar ir^ium. Further7)0re, the cells can be enzyTnatically turned into 
protoplasts, which in turn regenerate 'a^Is and become proliferating cells 
again. Significantly, the cells of this line have never been induced to 

20 regenerate plants and moreover display ploicy abnormalities, a character- 
istic well known in other non- regenerating diploid plant cell lines. (See 
M. G. Meadows, "Characterization of Ceils and Protoplasts of the 373 Maize 
Cell Line" Plant Science Letters, 28:337-348(1982/33). Other attempts to 
.achieve plant regeneraticn from established B73 callus- have been similarly 

25 unsuccessful. (See Bar^kowiak, E., "Tissue Culture of Maize Plantlet 
Regeneration From Scutella Callus," Genetica Polonica , Vol. 23:93-101 
(1982)). 

The ability to culture somatic cells of inbred plants in vitro 
enables the plant brei'der to apply the techniques of microbial genetics to 
30 specific breeding problems in crop plants. Included in the genetical 
approaches that have application to plant breeding are: selection of 
mutations in cell cultures, studying host-pathogen interrelationships, 
transfer of genetic information into cells through uptake of exogenous 
heterologus (see Szoka et alw S* Patent 4,394,448) or homolocous fsee 



IrRI Surcpean ?atsnt ,i^?lication 90p33A) DNA. FurtherTrore, sanatic 
cell culture enables the plant breeder to develop, select and propagate 
sanaclcnal variants having novel or useful agronomic characteristics. 

The major obstacle to the application of these techniques to com- 
mercial com inbred 373 and sans other cormercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The embryogenic com callus line ard com cell 
line derived therefrom provided by the instant invention makes it possible 
to apply somatic cell genetic techniques to a major commercial com line 
for the first time. The particular uses to which a cereal, and particu- 
larly a com cell line such as the one described herein, can be put are 
outlined in nar.erous articles (see e.g., Eottino, P. J. "Potential of 
Genetic. Manipulation in Plant Cell Culture," Radiation Botanv , Vol 15: 
1-16 (1975) and Vasil, I.E., "Plant Cell Culture aix3 Somatic Cell Genetics 
of Cereals and Grasses /" Plant Iirorovement and Somatic Cell Genetics , 
.Vasil, Ed.., Acadeinic Press, N.V., 1st Ed., (1933) and "Tissue Culture in 
the Production of Novel Diseace-Flesistant Crop Plants," Biol. Rev. , 
54:329-345 (1979)). 

These uses incl'jde s<:\lection at the cellular level of mutations 
for resistance to toxic substances, such as herbicides and substances 
produced by plant pathogens. Since the selections are carried cut at the 
cellular level, it is likely that whole plants regenerated from, the cells 
will show the selected characteristic. It is significant that such a 
s^-stefT. wDuld allow plant bree<le?rs to select (or screen) for the desired 
characteristic fron among thousands of cells in a single culture dish or 
.flask, whereas a large field plot would be required to select or screen a 
corresponding number of seed grown plants according to traditional plant 
breeding methccs. 

It has, for example, been cenK>nstraced that com plants derived 
from alack Mexican Suieet com, a non-ca7TT>ercial cultivar, can be regen- 
erated from tissue cultures that have been selected for resistance to 
lysine and threonine and Lhat tissues of the regenerated plant likewise 
produce com plar.t tissue thnt is resistant to lysine and threonine. See 
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Hibbert, K.A et al., -Selection and Qiaracterization of a Feedback - 

Insensitive Tissue Culture of Maize," Planta, 148:183-187 (1980). 

The utaity of such selections carried out in callus cultures has 
also been danonstrated by the regeneration fran callus culture of oorn 
5 plants resistant to SDuthem com leaf blight, a plant disease caused by a 
pathotoxin produced by the plant pathogen Helrenthosa^rium maydis race T. 
By exposing com callus to the pathotoxin produced by the plant pathogen' 
resistant callus was selected. Significantly, the progeny of certain' 
resistant plants were also resistant to the toxin aa3 plant pathogen. 
10 Bius callus cjlture of a com cell line is denonstrably effective in'the 
development of paLhccen resistant com seed.' (See Gengenbidi et al./ 
-Inheritance of Selected Pathotoxin Resistance in Maize Plants Regenerated 
Frcrn Cejl Cultures," Proc. Nat'l. Acad. Sci. USA , 74:5113-5117 (1977)). 

Brief Description of the Drawincs 
Figure 1 is a representation of an isozyme pattern for esterase 
15 obtained by starch c«l electrophoresis as further described in Exanple 7. 

Figure 2 is a representation of an isozyrne pattern for alcohol 
dehydrogenase obtained by starch gel electrophoresis as fjrther described 
in Example 7. 
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Figure 3 is a representation of an isozyme pattern for glutamate 
.dehitirogenase obtained by. starch gel electrophoresis as further described 
in Exanple 7. 

Figure 4 is a representation of an isozyme pattem for ^-glu- 
oosidase obtained by starch gel electrophoresis as further described in 
Exarrple 7. 

Sumnary of the Invention 
25 The present invention ocmprises tissue cultures of com inbred 

line B73. Ihese tiss-oe coltures are characterized as enbryoaenic callus 
cultures of com inbred B73 and cell suspensicn cultures derived fran the 
embryogenic callus culture of com inbred 873. As used herein, the tem 
-embrycgenic callus" is defined as a friable callus having no visible 
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organization cn niaintenance median but on regeneration meditm organizes 
into discrete globular strjctiinjs, a portion of v^ich ger^ninate to fcnn 
plants. 

As used herein the tenn "variation" is defined as phenotypic 
5 changes that are: stable, i.e*, they persist in the absence of the event 
that induced the change; and heritable, i.e., the new j^ienotype is trans- 
mitted to dai^hter cells when they divide. Changes in phenotype that per- 
sist only so long as the cells or tissues are maintained in a new environ- 
ment are referred bo as physiolcgical responses. 

0 "Genetic variation'* is used herein to describe heritable vari- 

ation that is sexually transnitted to progeny of plants regenerated from 
cultured cells or tissues, l^e tern "rnutant" is reserved for the special 
case of genetic variation in ^ich a trait is transmitted r.eiotically 
according to well-established lavs of iaheritance. ;vhen the nature of the 

5 heritable change is not knc-*vn^ the tenn "variant" is used. 

As used herein the term "regenerated**, referring to plants, 
means plants derived fran cell and tissue culture. The tenn "progeny" 
means plants obtained by self-fertilization, sibling- fertilization, back- 
crossing or out-crossing of the regenerated plants. 

As used herein the tern "clone" refers to callus or cell suspen- 
sions propagated fron an estoiJ^ished cell suspension or callus line. 

Ihe eribryogenic callus culture of com inbred B73 characteris- 
tically is a collection of substantially isodianetric cells* v^ich grow in 
clumps or aggregates of cells on solid maintenance medium such as MS 
medium or N6 medi'^ that has been supplemented with 0.25 to 1.0 mg/l 2,4-0 
and 2% (wt/vol) sucrose. On maintenance medium the einbryogenic callus is 
friable, i.e., easily broken into smaller clorps of cells and single 
cells. Under Lhe light microscope, no continuous epidermal layer is 
visible in the enbriTDgenic coillus. In general, the •ambryogenic callus is 
yellow-brown in color. Grov^th of Lhe embryogenic callus is rapid, as Plea- 
sured in fresh weight accimulaticn; the embryccenic callus grows ahDut 3 
times faster than Lhe organccenic callus culture frcm ;*iich it arose. As 
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a consequence of its growth rate, the eT±>rir)Genic callus needs to be 

transferred to new mediun every 1-2 weeks. 

The emfaryogenic callis is further character! zea* by Lhe absence of 
differentiated plant structure such as snail shoots or their prijnordia, 
5 roots or their prijiordia, and meristems. A characteristic of cell suspen- 
sions derived fran the callus is the production of a irucilagenous poly- 
saccharide in media containir^ sucrose and 2,4-0. This polysaccharide has 
been identified as a glactose-mannose polymer. 



TO 



Ttie most notable characteristic of the enbryogenic callus is its 
formation of embryo-like structures. The embryo-like structures- are com- 
pact and globular. 3y transferring the globular structures to a hormone- 
free medium such as MS or N6 rcedium, some of these globular structures can 
be induced to form plants. Ihe plants can be transferred to soil ard 
fertile B73 com plants are obtained. The progeny of these rece.nerated 
15 plants are substantially identical in form to seed-grown B73 plants, 
Ihus, "the invention enconpasses com plants regenerated from an embryo- 
genic callus of com inbred 373 and the progeny of the regenerated com 
plants. 

Ihe invention further ccfiprises embrsogenic cell susrension cul- 
20 tures of embryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain Lhe ability to regenerate viable B73 corn 
plants. B73 cell suspensions capable of regeneratir^ v^ole plants are 
initiated frcni friable B73 callus maintainefd on MS medium'. The friable 
callus is transferred into a median suitable for maintaining suspension 
25 culture, e.g. MS median with 2 itkj/I 2,4-D, and is placed on ^ gyrotary 
shaker at 130 rpm at 28 'C. Cell suspensions are induced to form globular 
embryos by plating on solidified MS -or N6 medium containing no hormones 
and 2-6% sucrose. Globular embryos are transferred to solidified MS or N6 
mediun containing no hormones, 2% sucrose and optionally charcoal added to 
30 adsorb residual hormones, if any, and plantlets form on this medium. Thus 
the invention enconoasses com plants regenerated from an embyrocenic cell 
suspension of com inbred 373 and the progeny of the regenerated com 
plants . 
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T^e invention will be better understood from the following exa-n- 
ples which are intended by the inventor to be exemplary only and non- 
Irniting. 

EXAMPLE 1 
Initiation of Orcanogenic Culture 
Plants from maize inbred line 373 were grown to maturity in a 
5 greenhouse supplernented with metal halide lights (15 hours/day) and main- 
tained at 30 'C during the day and ITC at night. Ihese plants were self- 
or sibling-pollinated. Inmature zygotic embryos 1.0-2.0 millrneters (irjn) 
in lencLh (12-14 days post pollination) were aseptically removed frojusur- 
face sterilized kernels and placed flat side dov^ on the initiation medium 

10 which contained ys salts and ys vitamins, 150 irc/l asparagLne, 0.6% agar, 
0.5 mg/1 2,4-D and 12% sucrose. All cjlture median had been adjusted to a 
pH of 5.8 prior to autoclavinc. Cultures were incjbated in the dark at 
28'C for 2-3 weeks, when a cor^pact ^,ite tissue proliferated, f ran the 
coleorhizal end of the scutellum. 1^ie zygotic errJbryonic 'sheet axis, was 

15 not part of the proliferating tissues. The white compact tiss'je v^iich was 
coraDsed of small parenchyma- like cells with meristematic regions was 
covered by an epidermal layer. Nimercus rcot mer is terras, occasional shoots 
and starch grains were seen in this tissue. WTiite ccn-ioact tissue was 
removed fran the embryos, transferred to a maintenance meciir?./ which was* 

20 the same as the initiation medium but included 0.5-1.0 mg/1 2,4-D and 2% 
sucrose, and cultured under Aerolites (1500 Tux) az 28 'C. Cultures vere 
transferred to fresh medium every 10-20 days. 

Ihe compact tissue produced on the. initiation medium^ became 
extremely heterogeneous when transferred to the maintenance medium. Num- 
25 erous shoots, roots, as well as friable and compact green tissues became 
visible. Leafy and rooty tissues -were carefully removed and discarded 
from the ccn^iact organogenic tissue at each transfer. 

After one year of continuous selection against non-regenerating 
regions and roots, thie resulting organogenic tissue was dark green, cc?n- 
30 pact, convoluted and covered by a well^efined epiderniis. I^^is epidermal 
layer remained continuous even in zones that produced shoot merist«ns. 
f'teristematic centers were ccr::mcn beneath the epidermal layer. This tissue 
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was characterized by an extren>ely slow grouth rats ^ich could be 
increased by the addition of 9 mg/1 zeatin. The addition of zeatin also 
reduced the quantity of tissues normally selected agaLnst. 

EXAMPLE 2 

Initiation and Selection of Embryooenic Callus 
A friable, fast-growing callus was selected frcra the organogenic 
5 tissue after over one year in culture in the following manner • The 
organogenic callus from viiich the embr/ogenic callus was isolated was 
transferred to maintenance n^di'L^i contining MS salts an3 MS vitamins, 150 
mg/1 asoaragine, 1 rng/l 1 mg/l 3,5-dichlorophenxy acetic acid 

(3,5-D), 2% sucrose and 0.6% washed agar. The organogenic callus was 
10 transferred after 3 wee!C5 to fresh rredium having the sa^ie oorTrponents . 

After a total of 5 weeks on the mediuni, the einbrycgenic callus 
appeared as snail isodia^netric cells havLng dense cytoplasm and large 
nuclei on microscppic exsnination. The sectors were embedded in a 
mucilagenous iratrix. The sectors and mucilagenous matrix were removed 

15 from the surrounding ccmpoct organoge.^ic callus with sterile tweezers or 
were removed by scraping with a sterile scapel. The sectors and mucila- 
genous matrix were pieced cn raintenance rrieciium as described above but 
lacking 3,5-0. Friable erijrycgenic callus grew approxrrtately 3 times 
faster than the organogenic tissue on the maLntenance median with 3,5-D, 

20 Although the embryogenic callus was initially isolated from an organogenic 
callus that had been grown cn maintanence medium including 3,5-D, ernbryc- 
genic sectors have been subsequently isolated from organogenic callus that 
has been maintained without 3,5-D. These isolates, however, tend to 
rapidly organize and cannot be maintained, 

EXAMPLE 3 
Initiation of Suspension Cultures 
25 One and seventy-^seven one-hundred ths gram (1.77 g) of friable 

callus tissue from com inbred B73 was inoculated into 25 ml of MS medium 
having the following ccmconents: 
magnesiim sulfate-sever h\tirate (^taS04f 7H20) , 
calcian chloride-dihydrate {CaCl2*2H20) , ^ 
30 potassion nitrate (KNO3), 
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arooni'-m nitrate (NH4NO3), 
potass ion phosphate (KH2PO4), 
manganese sulfate*four hydrate (MnS04«4H20), 
zinc sulfate-seven hydrate (2nS04-'7H20) , 
5 cupric sal fate -five hydrate {CuS04-5 H20)^ 
cobalt chloride^six hydrate {Coa2-6H20 
potassium iodide (KI)^ 
boric acid (113803)^ 

sodian molybdinum oxide«dihydrate fJ3a2lWii*2H^) , 
10 ferrous sulfate-seven hydrate {FeS04-7H20) , and 
sodian ethylenedianinotetracetic acid (Na2EI)TA). 

In general, as used in the invention, the exact concent-ration' of the salts 
can be varied within limits without departing from the invention. lb ^ 
standardize the making of Lhe' media, however, the concentrations of the 



15 


above listed minimal salts 


ar^ as follows: 




f^S04.7H2O 


370. milligrams/liter (irg/l) 




CaCl2-2H20 


440 mg/l 




KNO3 


1900 mg/l 




NK4JJ03 


1650 iT^/1 


20 


KH2PO4 


170 ng/l 




MnS04 • 4H2O 


22.3 TO/1 




ZnS04«7H2O 


8.6 mg/l 




.C0S04-5H2O 


0.025 mg/1 




CoCl2-6K20 


0.025 mg/1 


25 


KI 


0.83 mg/"^ 




H3BO3 


6.2 mg/1 




Na2MD04-ZH20 


0.25 mq/l 




FeS04*7ri2O 


28.75 nn/l 




Na2Ei:TA 


37.25 mg/1 . 


30 


The median further contains the following vitamins 




carbohydrate sources: 


« 




Thiamine -HCl 


0.2 mg/1 




Pyrodoxin-HCl 


0.23 w:/\ 




Nicotinic acid 


1.3 rog/1 


35 


Calciun pantothenate 


0. 25 nq/l 




L-asparagine 


132.0 mg/l 




2,4-D 


2.0 mg/l 




sucrose 


2% v^ight/vol'jne 






6.0 
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The friable embr^'ccenic callus and medium are placed in a 100 ml 
Delong flask and are incubated at 27*C on a gyratory shaJcer at 130 rpm 
with indirect lighting fran Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 da^rs in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Endbryos are generated from the suspensicn cultures by removing a 
one ml aliquot from a 7 day old transfer and placing it on a solid plant 
growth medium such as MS medium or N6 medium containing no honrones or 
0.01 wg/1 2, AO and from 2 to 6% sucrose. The plates are maintained under 

10. the conditions described in Example 4 for approximately one week. Plants 
may be regenerated from the embrjOS by transferring the embryos to VS or 

^ No media containing no horDones and 2 to 6% sucrose as described in 
Example -6 below. 

EXAMPLE 4 
Formation of Embyros and Plant lets 
A 15 day old suspension culture having a volume of approximately 

15 ' 25 ml was placed in a sterile centrifuge tube and the cells w^re spun down 
at 1000 rpm for '5 minutes. The supernatant was discarded and the cells 
^ere resusoended in 25 ml of hormone free N5 medium containing 6% sucrose. 
One ml of the resuspended cells was dispensed onto solid N6 medium con- 
taining 6% sucrose/ no hormones, and 0.6% washed agar (K.C. Biologicals, 

20 Renex/ Kansas). The plates vere covered and maintained at 27"C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. • After 23 days,, numerous 
globular structures grew on the hormone-free N6 medium containing 6% 
sucrose. These globular structures were removed and transferred to 
hormone-free MS medium with 2% sucrose cind 0. 1%^ .charcoal. After 6 days 

25 four plantlets approxijnately 1 to 2 centimeters (cm) in length having 
shoots and rnots were obsen^ed. 

EXAMPLE 5 

Regeneration of B73 Plantlets from Suspension Cultures 

A B73 suspension (maintained as a suspension for approximately 4 

monLhs) was centrifuged at 1000 rpn for 5 minutes to pellet its cells. 

These cells were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 ^rq suspended cells/ml hormone-free medimi. One ml 
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of median (100 -rg cells) was plated onto no hornone N6 median with 2% suc- 
rose, O.li charcoal, cH = 5.8. 

These px -.es were incubated at 28 'C in the dark. After one 
month, globular structures focr.ed v^ich were then transferred to fresh 
5 median and placed under Agrolites. After aporoxi-nately 3 weeks, many of 
these structures had developed into plantlets. 

EX-SuMPLE 6 

Regeneration of B73 Plants fran ETOryogenic Callus Culture 
One hundred ng of friable B73 callus/petri plate was placed on 
N6 median with 4% sucrose arri no horrnones. Ihese plates v«re incubated at 
28*C in the dark. After 27 dav-s nor.erous plantlets vere reincved and 
10 transferred to plastic tissue culfare boxes (about 3 inches x 3 inches x 4 
inches) containing 50 rl of hcrrxrne free M.S. median with 2% sucrose. 
After aroroximately one month r six of these plants v«re transferred to 
pots in the greenhouse. All of these plants v«re grown to maturity. 

EXAMPLE 7 

Isozvme Comparison of Eir>bry:<3enic 373 Callus Culture 
" and Non-En^rvocenic 373 tissue 

Ben'-een 0.5 and 5 grr^s of 't^- com inbred B73 tiss-je indicated 
15 below were placed Lt an equal weight of hanogenization buffer containing 
16.7% w/v sucrose, 8.3% w/v ascrbic acid at pH 7.4, and ves hcmogenized 
using a Iton:er tissue honogenirer. The hcniogenate was prepared for starch 
gel electrophoresis a«3 the resulting gels >«re stained for esterase. 
(Figure 1), alcohol detiydrogenase (Figure 2) glutamate dehydrogenase 
20 (Figure 3) and ^-gluoosidase (Figure 4) as described by Goodman et al. 
in Genetics , 96:697-70. In Figures 1-4 below, 'the tissues were grown as 
-follows: 

Leaves - taken direcUy fran 6 week old greenhouse maintained 373 plants. 
Coleoptile - taken fran sheets sLx da^^ after germination fran seed. 
25 Sheets - taken fran mature B73 seeds one day after soaking in distilled 
water. 

Scutellum - taken fran mat-ore 373 embryo one day after soaking in dis- 
tilled water. 
Zvcotic Embryo - taken 19 days after pollination. 
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Iirmature Z-^ctic 5rcr/o Resc-jed - taken 12 days after pollination and then 
transferred to the medium of Example 3 for 7 days. 

ETnbrvooenic - 2>4-p - friable enibcyogenic callus tissues of B73 that were 
maintained on the nediun of Example 3 without 2,4-0 for 19 days. 
5 Embryoqenic ^- 2,4-0 - friable embryogenic tissues of B73 that were main- 
tained on the medium of Example 3. 

Orqanocenic - organogenic tissue of B73 that were maintained on the medium 
of Exarole 3. 

Figures 1-4 arc representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns shcv the following results: 

Esterase - Figure 1 - Onbryogenic cultures gave the same isozyme 
patterns as rescued zygotic embtoyos and organogenic cultures gave the . 
same isozyme pattern as inature leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 embryogenic cultures on roedimi without 2,4-0 gave the same isozyme pattern 
as zygotic embryos, but embryogenic cultures on the same medium containing 
2,4-D did not. 

Glutamate Geny\:roGenase - riguic j - o.a^i. r^^c.-c . — ^ — - 

medium without 2,4-D gave the same pattern as zygotic embri^s, but e^^hryo- 
20 genie cultures on maintenance nediun with 2,4-0 did not. 

^ -Gluc3sicase - Figure 4 - enbr/cgenic' and organogenic colture 
gave the same pattern as colecptiles but a different pattern than zygotic 
embryos. 

Ihese results support Lhe characterization that regeneration 
25 fron enbrycgenic cultures proceeds bi' a type of sonatic embrycgenesis. 
lhe presence of isozymes usually associated with colecptiles suggests that 
the timing of enbryogenic developinental events may be different than that 
of of zygotic enbrycs. 
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E^a^gL£ 8 

Characterization of Polysacdiaride Secretion Product 
of £rfcr.Ty:enic B73 Tissues 

Ten nd of a 7-day-old eniiryocenic cell suspension of com inbred 

B73 was transferred into a fresh 50 ml aliquot of the inediun of Example 3. 

The cultures were grown in the light at 27 'C in a shaker at 130 rpn. 

After 7 days, cells and debris were rKnoved from the nedium by centrifuga- 

5 tion or filtration. The remaining clear "culture median was then diluted 

- with 3 volimes of ethanol {95% v/v) at room ter^serature with stirring. A 

white fibrous precipitate forn>ed, wes collected on a glass red, veshed in 

absolute ethanol and dried in a vacuum dessicator oven." The dried precip- . 

-. itate was hydrolyzed in 1 normal hydrochloric acid for 6 hours at 100~*C 

• 10 and the cotnponent sugars were analyzed by l^c nafjral abundance nuclear 

magnetic resonance cn a Varian XL-200 hJ-lR spectrometer. 

The polysaccharide was identified as a polymer conprising galac- 
tose and manncse in about a 4:1 glactose:mannose ratio. T^ie poly:r.Gr has a 
composition different from maiza root slime, which contains a glucose-rich 
15 polymer abundant in fucoso and galacturonic acid, and corn hull-gum, wtiich 
contains xylose, arabinose &rd galatose in a 7:5:1 ratio (see Smith, F. et 
• al . , The Chemistry of Plant Gums and Mucilages and Some Related 
Polysaco^arides , Rcinhold P'jblishing Corp., Ne.v York). 

EXAMPLE 9 
Cartxn Source Utilization 
EmbTjOgenic suspension .ailtures of com Libred B73 were washed 
20 in carbohydrate-free medi-^ and plated onto the medium of Exanple 3 that 
had been solidified with 0.6% washed agar and contained 1% w/v of the 
filter-sterilized test corrrcunds listed in Table I below. Colcx^y growth 
was assessed visually after 2 weeks and 9 weeks growth in the dark at 
27 "C. 

25 ihe toxicity of galactose in the presence of sucrose was tested 

on enbryogenic suspension cviltures of com inbred 373 by incorporating 
galactose (0.1 to 6% w/v) into the nediun of Example 3 containing 2% w/v 
sucrose. Growth was measured by packed cell volume (PC/) after 7 days 
incubation cn a sha<er at 2~*C in the light. 
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Growth of anbryogenic Cells of Com Inbred B73 on Various Carbon. Sources 



(1% w/v) 

B73 Cell Growth 

Sole Carb on Source Relative to Car bohvdrate-Free Control 

■ — — 2 Weeks 

sucrose 
D-glucose 
soluble stardi 
D-{+)-<3alactose 

0 

-lactose 

D-sorbitol 

0 

L-proline 

0 (control) • °. 

L-(+)-arabinose 0 • 

myo-inositol • ^ 

-0-{+)-fucose ^ 

0 

L-glvcme 

. ' • • 0 • . • 

L-arginine 

0 

L-(-) -xylose 

D-(+)-mannose ^ . 

DL-malic acid ^ 
D-inannitol ^ 
L-(-)-sortx)se ' ° 

-L-rhamnose ^ 

* 0 

L-^lutamic acid 

•f = Visibly detectable OTOwth. 

Most of the cartOT sources did not support growth of the cells 
and the best growth wos cbcained with sucrose and glucose. Soluble starch 
supcorted good growth of the cell line" after an initial lag period. T^e 
cell line showed lijnited growth en sorbitol but no growth on proline and 
lactose • The enbryogenic com cell line of B73 showed linited growth 
response to galactose. 
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The embryogenic callus of com inbred 373 which crew cn starch- 
containing plates appeared to lack the c;alactomannan secretion preser.t in 
the plates containing sucrose or glucose. Suspension cult-jres of the sa-ne 
tissue growing cn starch proSueed no detectable arounts of galactomannan. 

Stf-MPLE 10 

Plants obtained in Example 6 were grown in the greenhouse and 
vere either self -pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R,Si for 
self-pollinated, RiBC, for backcrossed and RiSibi for sibling pollinated). 
The com progenies vere produced fran four regenerated plants. Tvo^cf-the 
regenerated plants were self -pollinated using the irain sten ear and a 
tiller tassel. Because of as\-r>chronous erorgence of tassels and sii:<3 and' 
frequent occurence of tassel-^irs, the rsmaini.ng regenerated com plants 
could often not be self-pollinated, but L-^tead were used as fsn-ale 
parents in crosses to seed-crcvT^ 373. 

^5 The seeds produced vers grown out in the field bet-«een CecefTi^er 

1583 and Jferch 1S84. Plants w^re evaluat'^^J in p='-t- ^^u^..^^. 

approxrnately t\o weeks post-poll inaticn for the com. A total of ten 
rows of regenerant progeny wore planted out ear-tc>-row. in aidition, f«o 
seed-grovn" plants used as maie parents in crosses with the regenerants 

20 were also self -pollinated and used as check rows. Traits examined 

included: plant height, ear height, stsr. disneter, leaf ncmber .and any 
evidence cf single gene nutations affectLng "plant appearance, vvhile sor.e 
rows showed evidence of salt st-ess, no differences could be seen bef«een 
the R^St, RiBCi, and RiSibi prcceny and the seed-grown check rows. 

^5 From the foregoing it will be apparent to Lhose skilled in the 

_ art that embryogenic tissues a.Td cell suspensions of com inbred 373 will 
enable plant breeders, practitioners of methods of plant tissue and cell 
culture, and plant molecular biologists to carry out major rrprovsnents Ln 
this valuable and widely used com inbred. The eTbr>-ogenic cultures of 

30 com inbred 873 provided by the instant invention make it possible, for 
example, to subject Lhese cultures to in vitro mutacer,esis to induce vari- 
ation in com plants regenerated therefrom. >tethods for chenical ar.d 
physical mutagenesis as v^ll as cell culture techniques for the recede r/ 
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Of desirable mutants are well :oo«n to t.hose skilled in the^art (see for 
exarnple: Potova, J., "Possibilities of Lnducii>g Econctnically Useful >t.ta- 
tions h^ Mai'ze Seed by Treatrent with Ethyl MeLhanes-jlphonate," Genetic 
Plant Breedina, 8:282-290 (1975); Balint et al., "Exafnination of W?9 
5 Mutants Sublines for Lodging a«3 FMsarL-n Resistance," Induced Mutations 
An^in^t Plant Diseases > PP- «9-494 IAEA, Vienna; Weber and Lark, "An 
Efficient Plating Systen for Fapid Isolation of Mutants fro.- Plant Cell 
suspensions,- Theor. Arol. Genetics , 55:81-86 (1979); and Ihcnas, J.A. et 
al., -Improvement of Crop Plants via Single Cells in Vitro - An Assess- 
0 rent,- 2. Planzenzucht , 82:1-3 (1979). Thus, the invention is considered 
to enconpass mutagenized B73 tissue cultures and cell suscansioca.and corn 
plants regenerated therefrcm and Lhe nutant or variant progeny of the 
regenerated com plants. 

The ability to regenerate whole plants frcm the erbr.ccenic 
5 t^-ssue an3 cell suspension cultures of com inbred 373 provide by the 
instant invention also enemies those skilled in the ar'c to carry out in 
vit-o selections for desir.v:le traits or against undesirable traits. (See 
'^rt et al. and Sengenboe. -t al., both rentioned hereir^ve.) Ihus, 
using the er^r^enic tiss-oe or cell susoensior^ cultures of com irbred 
>0 B73 of th,e instar.t invention, it is row possible to expose culfores of • 
com inbred B73 to.sel^tive agen'ts for 'example herbicides and patho- 
toxins, to select -tissues CLt3 cells resistant to the selective agents ar.d 
to regenerate plants resistant to such selective agents. Thus," considered 
within' the scops of the ir^tant invention are enbryogenic tissues and 
25 cells of com Inbred 373 selected in vitro, the. com plants and seed • 
thereof regenerated therefron and the progeny of the regenerated com 

plants. 

It will also be readily apparent to those skilled in the art 
that enbry^enic tissue cell suspension culture of com inbred 373 

30 provides the opportunity for. the generation of scmaclonal- variants in com 
inbred 373 by reaeneratirc plants from enbrycgenic tissue culture and cell 
suspension cultures of c=m inbred 373 provided by the instant invention. 
Such stable scmaclonal variants are well know, to t.hose skilled in tne art 
as ex-iplified in Edallo et al., "C^rcnosomal Variation and Frequency of 

35 Sccntaneous Mutaticn Associated with th.e in vitro Culture and Plant 
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Pegeneration in Maize," Maydica 26, pp, 39-36 (1981 ); Beckert et al., 
"Etude de la Variabilite Genet ique Cbtenue Chez le Mais Apres Callogenese 
et Regeneration de Plants in vitro > AcronCTiie 3, pp. 9-18 (1983); and 
Larkin et al., "SoP^clonal Variation - A Novel Source of Variability from 
5 Cell Cultures for Plant Improvonent Theor, Appl, Genet, 60 ^ pp. 197214 
(1981). A large body of literature in fact suggests that plants regen- 
erated fran culture are characterized by an unexpectedly high rate of 
. stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Com & 

10 sorghum Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising fran somaclonal variants regener- 
ated frcm com inbred 373. Such characteristics ray be stably mainteined 
in the second generation progeny of the regenerated plants and will 
generally exhibit either Mendel ian segregation (e.g., 3:1 ratio for single 

15 gene traits) or uniform expression since sanaclonal variation arises in 
diploid cells and may generate Ixrorygous variants. Thus, the invention 
is considered to enconpass sanaclonal variants of the embrycgenic callus 
and cell suspension of com Lnbred 373, com plants and the seed thereof 
'regenerated therefrcrn and the progeny of the regenerated com plants. 



20 



01 60390 



CLAIMS: 

1. ESnbryogenic callus and embryogenic cell suspensions of com 
inbred B73 and the clones thereof. 

2. Com plants and the seed thereof regenerated from embryo- 
genie callus and enbryogenic cell suspensions of com inbred B73 and the 

5 clones thereof. 

3. Mutagenized enbryogenic callus and mutagenized cell suspen- 
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ions of com inbred B73 and clones thereof. 



4. Com. plants and the seed thereof regenerated fron mutagen- 
ized enbrycgenic callus and mutagenized cell suspensions of com inbred 
B73 and the clones thereof. 

- 5. Progeny of com plants regenerated from eriiryogenic callus 
and enbryogenic cell suspensions of com inbred 373 and clones thereof, 
said progeny including mutants and variant progeny. 

6. Sri;r>^enic call'JS of com inbred B73 having the charactar- 
15 istics of an embryogenic callus of com inbred 373 deposited Ln the 

A-nerican Type Culture Collection under ATCC Accession Nizrber 40116. and 
cell suspensions derived from said enbrioaenic callus and clones of said 
. eT±>rycgenic callus or enbr%x3genic cell suspensions. 



7. Com plants and the seed thereof regenerated from the 
enbyrogenic callus and ertbryogenic cell suspensions and clones of said 
enbryogenic callus or ^entoryogenic cell suspensions of aaim 4. 



8. Mutagenized embryogenic callus of com inbred B73 said 
embryogenlc callus'of <x>m inbred B73 having the characteristics of an 
eT±)ryogen.c callus of com inbred B73 deposited in the A':^ricari Type 
25 culture Collection under ATCC .^cession Number 40116. mutagenized cell 
suspensions derived frOT said embrycgenic callus and clones of said muta- 
genized ernbryogepic callus or enbryogeniq. cell suspensions. 
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9. Com plants and the seed thereof regenerated from the rnuta- 
genized ernbrs'cgenic cillus and mutacenizod cell suspensions and clones of 
said nucagenizec eriDr\xDgenic callus and nutagenized eri)r\ogenic cell sus- . 
pensions of Claim 8. 

5 10. Proceny of corn plants regenerated from embryogenic callus 

having the characteristics of an enbr^-ogenic callus of com inbred B73 
deposited in the AT.erican Type Culture Collection under ATCC Accession 
Nanber 40116 or regenerated frcm cell" suspensions derived fran said 
enbrvogenic callus having the diaracteristics of an embryogenic callus of 
10 com inbred B73 deposited in tbe ADerican Type Culture Collection under 
ATCC Accession NaTiber and clones thereof, said proceny including 

. mutants and variant progeny. 

n. An er?briccenic callus of com irJbred B73 as deposited in 
the Arerican Tvpe Qdture Collection under ATCC. ;^jccess ion Nurrcer 40116, 
15 cell suspensions derived frcm said enbr^enic callus and clones thereof. 

12. Com plants and seed t]>eroof regenerated from the embryo- 
genie callus of corn inbred B73 as deposited in the A-erican Tv-p^ Culture 
(v^i 1 cxn^ 1 /-yn Mrv^o-r- AT^C Acc*^sion N'jTrbc r *1 0 1 1 {3 cell suspensions 

derived from said embv-rogenic callus and clones thereof. 

20 13. Mutacenized erbr\"cgenic call'us of com inbred 373 as 

deposited in the A-nerican Type Culture Collection under ATCC Accession 
Nirroer 40116, mutacenized cell suspensions derived fran said embrv'ogenic 
callus and clones thereof. 

14. Com plants and the seed thereof regenerated from the nuta- 
25 genized callus, ir.utaganizcd cell suspensions and clones of said mutagen- 

ized embryogenic callus ojnd rnutagenized crbrvogenic cell suspensions of 
Qaim 13. 

15. Proceny of com plants regenerated from the errj:ry3genic 
callus com inbred B73 as deposited in the A^ierican Type Culture 

30 Collection under ATCC Accession Nuribor 401 lo^ ^eH suspensions derived 
fron said embryogenic callus ani ciorv?i? thereof, said progeny including 
mutant and variant prccency. 
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